The consequences of adventitious infectious agents upon the interpretation of toxicology studies performed in rats and mice are incompletely understood. Several prevalent murine pathogens cause alterations of the respiratory system that can confuse the assessment of chemically induced airway ixjury. In some instances the pathogenesis ofinfection with these agents has been relatively well studied in the lower respiratory tract. However, there are few well-controlled studies that have examined the upper respiratory region, which result in interpretive problems for toxicologic pathologists. The conduct and interpretation ofboth short-term and chronic rodent bioassays can be compromised by both the clinical and subclinical manifestations of infectious diseases. This paper reviews several important infectious diseases of the upper airway of rats and mice and discusses the potential influence of these conditions on the results of toxicology studies.
Introduction
The validity and reproducibility of rodent toxicology studies depend, in part, on the interaction of numerous environmental, microbial, and genetic factors. Control of important animal and extrinsic factors forms the basis of laboratory animal science programs in toxicology. Despite numerous advances and sophistication in the field of laboratory animal medicine, adventitious murine microbial agents continue to pose a threat to both shortand long-term studies that use rats and mice.
Programs for prevention, detection, elimination, and control of rodent infectious agents are necessary in toxicology research and testing. These programs are of particular importance to both toxicologists and pathologists responsible for conducting and interpreting rodent bioassays. Specific procedures and equipment used in inhalation toxicity experiments can contribute significantly to the spread of disease and the interaction of infectious agents with inhaled toxicants. Many factors, such as inhalation caging; cage rotation schemes; inhalation chamber microenvironments; food and water deprivation during exposures; and stresses from crowding, frequent handling, and servicing of animals, all play important roles in the interplay between pathogen and chemical exposure.
The complications of rodent infectious agents to toxicology research and testing has been the subject of increasing awareness and review (1, 2) . Recent rodent serology surveys indicate that sialodacryoadenitis virus (SDAV), Sendai virus, and Mycoplasrna pulmonis are three of the most prevalent murine pathogens (3) . All three agents cause significant rodent respiratory disease, with lesions in the upper airways, including the nasal passages. In addition to being a common site for microbial-induced disease, the upper respiratory tract is a target organ of chemically induced injury. This paper will review the respiratory pathology of several important murine pathogens and discuss their importance in toxicology and carcinogenicity studies.
Viral Infection Sialodacryoadenitis Virus
Sialodacryoadenitis virus is a common, highly infectious coronavirus affecting rats and causing a selflimiting necrosis and inflammation of mixed or serous salivary glands, lacrimal glands, and upper airway epithelium (4, 5) . Respiratory tract lesions are generally confined to the upper airway and usually precede the inflammatory changes that occur in the exocrine tissues of the head (6) . Gross (8) .
Results of a 2-year inhalation toxicity study of methylene chloride were clouded by SDAV infection of rats early in the study (9) . In this study, a low number of male rats exposed to the two highest doses of the chemical had an 
Sendai Virus
Sendai virus is a very common respiratory pathogen of laboratory rodents that has complicated numerous toxicology and carcinogenicity studies (10) . In mice and rats, this paramyxovirus causes clinical and subclinical changes with great strain variability in disease expression and resultant pathologic lesions. The virus has a marked tropism for the respiratory tract, including the nasal cavity.
The pathogenesis of natural and experimental
Sendai virus infection has been well described for mice (11) (12) (13) , and recently the course of experimental infection in the rat has been reported (14) . Sendai There are numerous systemic effects (Thble 1) that toxicologists and pathologists need to consider when interpreting the impact of Sendai virus infection upon study results (10, 15) . Studies can be compromised through reduction in animal numbers, changes in immune function, xenobiotic metabolism, and physiology (10) . Sendai virus infection has altered the course of chemically induced pulmonary carcinogenesis in strain A mice by reducing the number of resultant lung tumors (16) . In addition, the pulmonary carcinogenic responses have been altered in Sendai virus infected Balb/c mice following exposure to urethane (17 (19) .
The principal lesions of MRM in rats include rhinitis, otitis media, laryngitis, and tracheitis (20) . Gross (21, 22) . In HMPA toxicity studies, nasal tumors, rhinitis, nasal epithelial degeneration, metaplasia, and dysplasia were noted in cornunction with an enhanced mortality from chronic pneumonia in infected rats. The increased mortality was possibly due to a chemically induced destruction of the mucociliary apparatus in the upper airway, which may have contributed to fatal lower respiratory infections. A chronic inhalation bioassay of propylene oxide revealed dose-dependent nasal epithelial proliferative lesions and two nasal adenomas in rats with intercurrent MRM (23) . The significance of the proliferative nasal lesions, which appeared to be treatment related, was difficult to interpret, since their development may have been influenced by intercurrent infectious inflammatory disease.
Bacterial Infections
Although numerous bacteria can infect the upper airway of the rat and mouse, they are not generally prevalent in well-conducted toxicology studies begun with animals free of adventitious murine pathogens and maintained with modern methods of laboratory animal husbandry. However, the cilia-associated respiratory (CAR) bacillus has recently received attention. This gramnegative, filamentous, rod-shaped bacillus (24, 25) A review of cases of fungal rhinitis in the National Tbxicology Program (NTP) archives revealed the occurrence of fungal rhinitis in eight bioassays. In the affected studies that encompassed animals that were both serologically negative as well as some bearing viral titers, cases occurred in both sexes of Fischer 344 rats in relatively low incidence (up to 10% of a dose group). A few scattered cases were noted in B6C3F1 mice. The histologic appearance (Plates 5 and 6) was identical to that described in the literature in the Wistar rat. In the affected bioassays the chemical was administered by inhalation, feed, or gavage in several different laboratories. Foreign material was noted in most of the cases suggesting that particles from food or elsewhere may serve as local irritants and carriers for the fungus.
Discussion
One of the principal ways in which infectious diseases complicate toxicologic studies is by interference with the interpretation of the pathology data. In addition to alterations in the morphologic appearance of target organs, there can be changes in clinical signs of toxicity, food consumption, body weight gain, hematology, urinalysis, and serum chemistry parameters (27) . Body weight gain depression of greater than 10% is often considered to be a sign of toxicity in treated groups of animals. The combined effects of infection and treatment influence food consumption and body weight gain to a greater extent than infection or chemical treatment alone. This synergism can confound data interpretation (27) .
It has recently become apparent that infectious agents can markedly affect the metabolism of foreign compounds by impairing hepatic mixed-function monoxygenases (cytochrome P-450-dependent monoxygenase system) (28) . Alteration of xenobiotic metabolism has important ramifications for toxicologists who administer compounds that are subject to bioactivation and biotransformation. The mechanistic basis for the microbialinduced inhibition of biotransformation has not yet been completely elucidated. It appears that interferon induction as a result of infection can act as a mediator in depressing P-450, and it may have a direct action on the hemoprotein itself (28) . Many of the important murine viral agents including Sendai virus are potent inducers of interferon (29) . Infectious diseases can also modulate hepatic cytochrome P-450 by effects on the reticuloendothelial system. Furthermore, microbial agents that perturb Kupffer cells decrease drug biotransformation activity (28) .
Effects on nonhepatic xenobiotic metabolism by infectious agents have received little attention. Several upper respiratory viral infections in man, including rhinoviruses and influenza viruses, are known to impair drug biotransformations by affecting the cytochrome P-450 system (28) . Similar viral effects have been demonstrated in PR8 influenza-infected mice (30) . Mice infected with this virus have significantly decreased pulmonary benzo[a]pyrene hydroxylase activity.
Nasal cytochrome P-450-dependent monooxygenases may be extremely important in the bioactivation and biotransformation of inhaled xenobiotics. In most species, the nasal olfactory concentration of these enzymes is second only to that found in the liver (31) . Mouse hepatitis virus, a common mouse coronavirus infection, is reported to depress hepatic P-450 levels (32) . Strains of this pathogen cause nasal cavity infections with necrotizing lesions in the olfactory mucosa (33) . It is therefore possible that extrahepatic alterations of P-450 may result and be of importance to toxicology studies.
In addition to alterations of xenobiotic metabolism, infectious diseases cause other cellular effects that can modulate toxic and carcinogenic responses. The association between enhanced cell replication and cancer induction has gained the interests of many toxicologists (34) . Gross and co-workers found that sites of cell replication correlated well with sites of tumor induction in the nasal cavities from rats exposed to formaldehyde in acute and chronic inhalation studies (35) . Although it is uncertain how enhanced cell replication affects the carcinogenic process, such correlations suggest that a cause and effect relationship may exist. Infectious diseases that cause epithelial necrosis and repair lead to significant alterations in cell turnover. Microbial agents such as M.
pulmonis are known to cause significant alterations in cell cycle kinetics in populations of upper airway epithelial cells (36) . This clearly has profound implications for carcinogenesis studies in which cell turnover may be an important contributing factor in the multistage process. Not only would the microbial infection and degree of cell turnover be important, but the chronology of the infection with regard to the chemical administration could prove critical.
Summary
A variety of important microbial pathogens including viruses, mycoplasmas, bacteria, and fungi infect the upper respiratory tract of the mouse and rat and result in significant pathologic alterations. The rodent upper respiratory tract may also be an important target organ in chronic bioassays. lbxicologists and pathologists need to understand the etiopathogenesis of common pathogen-related diseases in the murine respiratory tract, so that the effects of natural disease processes may be separated from chemically induced injury. Additional studies are needed to assess the impact of several of the more prevalent adventitious pathogens on the results of rodent bioassays.
The examination of the rodent nasal cavity has been overlooked in many previous experimental models of murine infectious disease. Descriptive pathology studies, which carefully examine the histogenesis of upper airway injury, are warranted for many of the common pathogens that complicate toxicology studies. In addition, the effects of murine infectious diseases on xenobiotic metabolism and cytokinetics in the upper airway should be further investigated.
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